Following the increasing investment on basic research in China, the outputs of basic research have been greatly enhanced. In this paper, the relative efficiency of investments in basic research is analyzed by adopting statistical regressions and Data Envelopment Analysis (DEA) method. Preliminary results show that injected investment seems to be the main driving force for the increased basic research outputs in China. It is found that there were significant improvements on overall efficiency from 1991 to 1996, although this trend has noticeably slowed down since 1996. Possible causes of this slow-down are discussed.
Introduction
Nowadays investment in Research and Development (R&D) is not only a key indicator to development of national science and technology, but also a major driving force for development of national economy. In China, R&D investments have been greatly increased since late 1980s. The ratio of the R&D investment to the Scientometrics 69 (2006) Gross Domestic Production (GDP) reached a historical high of 1.1% in 2001. The total R&D investment was $13 billion, * although this figure was still not comparable with those in industrialized countries.
Basic research is a powerful engine to drive the development of high technologies by providing scientific discoveries and technological innovations. From the late 1980s, the Chinese government has started to emphasize the importance of basic research. Since then, although the ratio of the basic research investment to the total R&D investment has been kept around 5%, the absolute value of investment on the basic research has been significantly increased. The investment on basic research was $0.6 billion in 2001. That was about five times more than the investment in basic research in 1990. **
The number of publications included in Science Citation Index (SCI) has been used as a key indicator to basic research outputs in science and technology evaluations as shown in HERBERTZ & MÜLLER-HILL (1995) , BHATTACHARYA et al. (2000) , and JIMÉNEZ-CONTRERAS et al. (2003) , especially from international perspective, see, e.g. MOED (2002) . The total numbers of SCI publications and the relative ranking of China in the world have been improved rapidly. publications, which were about ten times as those in 1987. However the criticism and anxiety, which came from not only the Chinese academic society and the taxpayers but also international scientific community, such as MOED (2002), Nature (supplement, 2004) , became even stronger although the number of SCI publications had greatly increased. One of the main issues is related to research quality, as the numbers of world-class scientists in China are fewer and the average citation number is much lower than the average level of the world, as shown in KING (2004) , JIN & ROUSSEAU (2005) . Another issue is related to efficiency of research resources' allocation and utilization, which is also the issue that we wish to investigate in this paper. There is a growing number of analysis of the fascinating developments in China such as the recent contributions by MOED (2002) and LEYDESDORFF & ZHOU (2005) . The purpose of this paper is to study the driving force of these increased research outputs and the relative efficiency by applying statistical analysis, and econometric analysis (Data Envelopment Analysis (DEA)).
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Background and circumstance for basic research in China
The history of science and technology development in China can be approximately divided into two phases. From 1950 to 1977, the economical structure of China was a planning economy. The development of science and technology was very slow. Since 1978, a series of reforms have been launched to modernize the country's economical structure, and since then the importance of the science and technology started to be ever emphasized. Subsequently, many new science policies have been launched to stimulate and enhance the capability to develop science and technology. Significant reforms of science and technology in the last two decades can be summarized roughly as follows: * • Creating knowledge-based markets for science and technology. Since 1980s, a series of polices have been launched to create knowledge-based markets in order to encourage research institutions to communicate with industry, and scientists and engineers to create high-technology companies.
• Reconstruction of research institutions. The applied scientific and technological institutions have been reorganized since 1986. These institutions, which used to solely depend on national budgets (not-for-profit), now have to change their operating systems to provide services to the industry to sustain (for-profit).
• National Innovation System program. In 1998, the Knowledge Innovation Project was lunched in Chinese Academy of Sciences (CAS), and the National Innovation System was created in 2000 to enhance competitiveness of science and technology. China has injected substantial investments into S&T through these two projects. 
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Scientometrics 69 (2006) Nevertheless, in China basic research is still heavily dependent on government funding. For example, 86% of the research funding of basic research came from the government in 2001. The Ministry of Science and Technology (MOST), and the National Natural Science Foundation of China (NSFC) are the main agencies in charge of basic research funding allocation. Meanwhile, independent research institutions, such as CAS also sponsor basic research. Independent research institutes, and universities are the main forces to undertake basic research. Figure 1 presents the distribution of basic research funding in 2000. There was 38.8% of the research funding aggregated on universities, 55% on the independent research institutes and the rest 6% on industries or companies.
*
Preliminary analysis
Each evaluation has its own objectives, which will decide data selection and methods to be used, as there will be many different perspectives to be evaluated. The official aim of Chinese Government on basic research is to promote research of international standard. Thus the purpose of this study is to evaluate performance of Chinese basic research with international standard from 1991 to 2000. For the inputs, the number of full-time research staff and total investments on basic research are clearly the two most important resources to produce research outputs. In China other inputs are all attached to them in one way or another. However, selection of outputs for basic research can be complex and has to be done according to different evaluation objectives. As our aim is to assess productivity of Chinese basic research outputs of international standard, we select publications included in Extended SCI Database and their impacts as two of our outputs. This view is supported by a recent study by MOED (2002) in Scientometrics. Furthermore in China, at least for basic research, almost all high quality journals are already included in Extended SCI. Adding research outputs with lower quality (e.g. those were not included in Extended SCI) will clearly increase the overall efficiency scores and may give a misleading picture of Chinese basic research performance with respect to the aim of Chinese Government. Indeed nowadays many national assessments in China only counted SCI publications (or higher). Our third indicator is post graduates enrolments, as educating high-qualified researchers is regarded as one urgent objective of basic research in China. Graduate numbers can be used as outputs but sometimes indeed inputs. This seems to primarily depend on the point-of-view of the evaluator. An internal evaluator may be more interested in the operational efficiency of an organization, therefore may well use the number of graduates as an input. On the other hand, an external evaluator may be more interested 89 in efficiency of using the resources provided to the organization, and then it can be regarded as an output. Also in China, almost all graduates publish their papers with their supervisors, thus their outputs in publications are already counted. Thus in our case, it seems to be appropriated to count the graduate number as an output.
Let us first carry out some preliminary analysis on the development trends during 1991-2000. The basic data has been summarized in Table 1 . Note: Data (column A, B and F) came from national science and technology yearbook, while column F counted the numbers of enrolment of postgraduates which subject was attributed to Science. Since 1999, the extended SCI database has been used to count publications. In order to keep consistency of data, data from column C to E were re-searched by WuHan Library of Chinese Academy of Sciences based on extended SCI database. The SCI publications (column C) included only the papers of first authors whose address was "the People's Republic of China". while column D was searched by any authors' address with "the People's Republic of China". column E counted the number of citations based on column C, and data collection was completed on 28 Figure 2 we can see that the first obvious jump happened in 1997, which was 36% more than that in 1996. Another apparent increase happened in 2000, which was 38% more than that in 1999. The Projects of National Key Basic Research and Development Plan (the 973 plan) started in 1997, which should have contributed the first jump in 1997. The second jumping was probably due to the launching of National Innovation System.
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Scientometrics 69 (2006) The correlation coefficient between data C and H in Table 1 is 93.82%, while that coefficient between data D and H is up to 96.6%, as international cooperation papers have been included in data D. Thus the investments on basic research and SCI publications from 1991 to 2000 present similar up trends. However in this work we will mainly use the data C since data E, which will be used later, are based on them. Figure 3 shows the number of SCI publications by year. As Figures 2 and 3 reconfirmed, the trends of SCI publications and basic research investment match quite well. The following figures illustrate the preliminary productivity analysis of the basic research performance in China from 1991 to 2000. Figure 4 shows the trend of the investment per paper during this period. The analysis seems to show that the investment per paper remained almost the same during this period. If considering the facts of inflation, the investment per paper seemed to be slightly decreased. The average investment per staff had been increased significantly, especially after 1996, as Figures 5 and 6 shown. The average publications per staff seemed to match this pattern, and the average citations and enrolments per staff had also been increased during this period although their growth rates were notably less than that of the average investment per staff, as Figure 7 shown. In order to have further detection about the influence of investment and staff into SCI publication, we carry out multiple regression analysis. where the numbers in the brackets are the t-statistic of the estimated coefficients. The above result indicates that the explanatory variable ln(X 1 ) is not significantly different from zero at the 10% level.
The possible reason of yielding the above results is the multicollinearity of X 1 and X 2 (or ln(X 1 ) and ln(X 2 )). The impact of X 1 on Y or ln(X 1 ) on ln(Y) is partly substituted by X 2 or ln(X 2 ).
Because the correlation between (X 2 /X 1 ) and X 1 is much weaker than the correlation between X 2 and X 1 for our data, we choose X 2 /X 1 (investment per staff) and X 1 (research staff) as explanatory variables of the dependent variable Y in order to avoid multicollinearity. The logarithmic linear equation we obtained is as follows.
ln(Y)=0.0307 + 0.9397ln(X 2 /X 1 ) + 1.7094ln(X 1 ) (3.5015) (2.5763) (2) R 2 = 0.8712, F = 23.6740, DW = 1.5318
Here the coefficients of the two explanatory variables are significantly different from zero at the 5% significance level.
Changing equation (2) 
In terms of equation (3), we can find α + β = 0.7697+0.9397 = 1.7094>1. This indicates that Chinese basic research is in the condition of increasing return to scale. Moreover, β>α, that is elasticity of investment to output of basic research is greater than the elasticity of staff to output. Meanwhile, we can work out in the considered period that the contribution of increased investment to increasing output of basic research is greater than the contribution of increased staff to increasing output of basic research.
If the dependent variable is the Total SCI publications (which then include the papers with non-Chinese first authors) and the explanatory variables are still investment per staff (X 2 /X 1 ) and research staff X 1 , the logarithmic linear equation we obtained is as follows: ln(Y)=0.0753 + 1.0778ln(X 2 /X 1 ) + 1.6718ln(X 1 ) (4.3715) (2.7427) (4) R 2 = 0.9032, F = 32.6660, DW = 1.6072
Reverting equation (4) to the form of Cobb-Douglas production function, we obtain Y=1.0782 X 1 0.5940 X 2
(5)
Scientometrics 69 (2006) As in equation (3), the elasticity of investment to output of basic research in equation (5) is significantly greater than the elasticity of staff to output. The contribution of investment to increasing output of basic research is also greater than the contribution of staff.
From the above analysis, we can see that increased investment is the more important factor for increasing outputs of Chinese basic research than increased research staff in the considered period.
The further question appears as what is the aggregate trend of productivity of basic research changed in China in last decade. It follows from the above analysis that although many efficiency indexes like the average SCI publications per staff and average citation numbers per staff have increased substantially, some cost indexes like the average investments per postgraduate have also increased, while the average investment per paper remained more or less the same during the period. It is then important to draw some assessments on the overall efficiency of basic research in last decade.
Aggregated efficiency analysis
How to evaluate research activities with fairness and effectiveness is a key research project for science policy makers. Peer Review has been adopted as a main method to evaluate research performance in many countries. However, pure Peer Review has been criticized for its fairness and openness, and it is hard to estimate the efficiency. Modified Peer Review becomes common in recent years, while quantitative measurement and qualitative assessment are combined. Bibliometric approach is one of quantitative methods to evaluate the academic performance based on publications, see HERBERTZ & MÜLLER-HILL (1995) , MODE (2000) , BHATTACHARYA et al. (2000) . However research activities are often multi-objectives. The research outputs normally include not only publications, but also educated postgraduates, excellent scientists, and patents etc. Therefore, multi-indictors need to be selected if an overall evaluation of research activities is required. In evaluation literature, comprehensive analysis was used to assess overall effects of the multi-indicators by weighting all the indicators and then sum them up to produce total scores for ranking. However it is well known that how to decide proper weights to these indicators in public sectors remains to be a main source of controversy for the evaluation outcomes, especially when these indicators belong to completely different catalogues.
DEA is one popular econometric method that utilizes mathematical techniques, such as linear programming, that can handle many variables and relations (constraints) to evaluate the relative efficiency of homogenous Decision Making Units (DMUs). One of unique features of the DEA approach is that, it is a non-parametric method that can handle multiple inputs and multiple outputs simultaneously, and does not require weight 95 data, which are obviously difficult to obtain in public sectors. DEA focuses on identifying relative best-practice frontier rather than on central-tendency properties. Thus it can measure the potential capability for inefficient DMU to improve efficiency. Therefore, since the first paper was published in European Journal of Operational Research in 1978 (CHARNES et al. 1978 , the DEA approach has been adopted as an attractive tool to evaluate efficiency of research and education institutions. A simple classification of the current publications, which focus on assessing the education or research performance by using DEA approach as follows:
1. Evaluation of school efficiency, e.g. FÄRE et al. (1989) , GROSSKOPF et al. (1999) , BIFULCO & BRETSCHNERDER (2001) , PORTELA & THANASSOULIS (2001) . 2. Performance assessment of universities' departments, e.g. THANASSOULIS et al. (1987) , JILL & GERAINT (1995) , JILL (1996) , DOYLE et al. (1996) . 3. Performance measurement of universities, e.g. AL-NAJI et al. (1998) , SARRICO & DYSON (2000) , AVKIRAN (2001) , ABBOTT & DOUCOULIAGOS (2002) .
The first DEA model was introduced as an efficiency ratio and presented by Charnes, Cooper and Rhodes in 1978 (CHARNES et al. 1978) . Let us assume that we have n DMUs using m inputs to produce s outputs. Let The technical output efficiency of DMU 0 is the optimal value h 0 in the model. The objective is to obtain weights (v i ) and (u r ) that maximize the ratio of the DMU 0 . The constraints mean that the ratio of "virtual output" vs. "virtual inputs" should not exceed 1 for each DMU. Thus the idea is that given the most favorable conditions for DMU 0, find out what is the best performance it can achieve. If the ratio is 1 and there is at least one optimal weight with non-zero components, this DMU is efficient. Otherwise it is not.
Scientometrics 69 (2006) It is important to point out the weights are decided to give most favorable conditions to the DMUs. Thus if a DMU is inefficient, then it can hardly argue possible bias of weight selection in the evaluation. In practical applications, the CCR model, which is the dual model of the above ratio one, is among the most widely used:
,... From the dual model one thing is clear that the radial measurement is used to measure changes in inputs or outputs in the standard DEA model. Consequently the radial proportional reduction of inputs or extension of outputs is considered to be dominated in this model. This is indeed true in many economics systems. However this hypothesis is questionable in studies of input-output relationship in scientific research. It is apparent from our data that the ratios of change in investment and staff are very different during the years. Therefore, the Enhance Russell Measurement (ERM) DEA model is proposed to use here. FÄRE & LOVELL (1978) introduced a non-radial measurement, which allowed non-proportional reduction of inputs or extension of outputs. Model (8) In principle, one can then apply the above DEA models to the data set in Table 1 , by regarding each year as a DMU to be evaluated. However it was found that these standard DEA models are not discriminative enough in the sense that most of the DMUs (years) will be ranked as efficient if these models are applied directly with the full set of inputs (A, B) and outputs (C, E, F) in Table 1 . In DEA literature this is not unusual and often indicates that there may be not enough DMUs for the used DEA models.
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It is apparent from our data that while each component of the outputs has being increased, the components of inputs can be decreased or increased. This indicates that there may exist compensations between the components of inputs. For such a case we apply the following DEA model, as Model (9) presented, which allows compensations between the two components of the inputs. Model (10) presents an output-oriented one. Similar models were studied in ZHU (1996) to study economical development for cities in China. For more explanations of these models, see LIU et al. (2006) In this model, the efficiency scores for the efficient DMUs may be greater than one. We could have further considered delay effects in the above analysis should more data had been available. Again this issue is very complex and difficult, as different disciplines may have different patterns of time-lags for publications and citations. However, the relative comparisons should be meaningful.
Overall efficiency of the basic research performance
In this section we apply the DEA Models (9)-(11) to the data in Table 1 . We regard each year as a DMU to be evaluated. In order to give an overall evaluation of productivity of basic research, here we choose SCI publications, total citations, and postgraduate enrolments of science as three outputs to reflect the quantity, quality and education output of basic research. The number of basic-research staff and adjusted investment on basic research are the two inputs, as shown in Table 1 . In the follows, Table 2 presents results from Models (9)-(11). It can be seen from the results calculated by Models (9)-(11) that there were significant improvements on overall efficiency from 0.6896 in 1991 to 0.9526 in 1995. Then this trend has noticeably slowed down since 1996, and this is probably due to the sharp increment of investment per staff since 1997, see Figure 6 , which might not be best utilized during this period. Should further data be available, it would be interesting to further investigate the possible causes for this slow-down, as possible delay was not taken into account here. There were four efficient units as year 1996, 1997, 1999 and 2000 according to evaluation based on Model (9) and (10). It is clear that year 1999 was efficient for its highest total citations, while year 2000 became efficient due to its highest SCI publications and graduate enrolments. Comparing the results between Model (9) and Model (10), they had almost the same ranking and efficient DMUs. The efficiency scores of inefficient DMUs were acceptably different because of the different orientations of the models. From the computation results, more detailed analysis can be carried out. For example, the efficiency score in 1998 was ) ( (9) were 1996 and 1999 with λ 6 =0.3053, λ 9 =0.6453. This indicates that to become efficient, the number of research staff in 1998 should be reduced from 78.7 thousands to 0.3053364x69.6+0.6453027x76=70.29 thousands comparing with its peers. Similarly the adjusted investments should be reduced from RMB1670.88 billions to RMB1652 billions to gain relative efficiency.
The four efficient units 1996, 1997, 1999 and 2000 were further assessed by Model (11). The results were also shown in Table 2 , the best performed year was 1999, then 1996. This confirms our initial conclusion that there is still much space to improve the country's efficiency in utilizing its resources invested in basic research. JIMÉNEZ-CONTRERAS et al. (2003) presented that a valid research evaluation could provide power of stimulus, which could stimulate and increase the research outputs, as well as the research investment. In China, the government also recognizes the importance of the management and assessment of the research performance. Preliminary evaluations of research performance have been carried out. For example, the NSFC was founded in 1986 to manage national funds into research. The National Centre for Science and Technology Evaluation was founded in 1997 to assist the MOST to manage and evaluate national projects etc. However, how to create an open and valid assessment system to allocate limited resources efficiently is still one of the key questions of science policy. Scientometrics 69 (2006) This paper presents a preliminary quantitative analysis on the productivity of basic research in China, where statistical and econometric methods are adopted to give some initial assessments of productivity of basic research from 1991 to 2000. The three outputs, SCI publications, number of citations and number of postgraduate enrolments are selected to reflect three main perspectives of research outputs as quantity, quality and education. Our preliminary statistical analysis shows that the rapid increase of investment was the main power to stimulate the research outputs. Our analysis on aggregate productivity via DEA suggests that there were significant improvements on overall efficiency from 1991 to 1996, although this trend has noticeably slowed down since 1996.
Conclusions
These studies seem to suggest that increments on research staff and research investment need to be compatible to improve overall productivity of basic research in China. Further studies and closer scrutiny on how to utilize the ever-increased investment should be taken. Also research quality should be further emphasized. From this view, we can see that there is still much room to enhance the efficiency and effectiveness of the research performance from the management and assessment aspect in China. Hopefully this paper can provide some useful insides for the current state of basic research in China, and thus contribute to establishment of open and valid assessment systems of scientific research in China. Meanwhile, research activities are very complicated and multi-objectives, and can be influenced by many "soft" circumstances, such as academic environments, the policies on scientists etc. However, addressing them is beyond the scope of this paper.
